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Abstract 

In this article, a numerical analysis is done on the temperature of 4 plate-shaped battery cells with 
phase change material (PCM) chambers around each one in a rectangular shape. The batteries are 
placed in a channel with air flow. The study is done transiently in a time of ten minutes. The 
batteries are of lithium ion type and the analysis is provided in two dimensions. The battery cells 
are arranged in the form of two single battery cells at the beginning, and end of the channel and 
two battery cells in the middle of the channel. These two middle batteries are placed in parallel. 
By changing the distance between the two middle batteries from two to three cm, this study is 
conducted to investigate the temperature of each of the four battery cells and changes in the amount 
of frozen PCM. Finally, the results showed that the temperature of the two batteries at the 
beginning and the end, increased continuously during the ten minutes of the study. At a distance 
of three cm from the middle batteries, the lowest temperature occurred on the first and last batteries, 
while at the same distance, the highest temperature occurred on the middle ones. At a distance of 
two cm from the middle batteries, the lowest amount of frozen PCM was observed, while at a 
distance of three cm from the middle batteries, the highest amount of frozen PCM was found on 


the first and last batteries. 
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1. Introduction 


dependent on batteries. The introduction of electric vehicles in recent years has raised hopes of 
replacing fossil fuel vehicles with these vehicles. Especially in recent years, with the advances 
made by Tesla, many have hoped to be able to expand electric vehicles in the world in the near 
future. Electric energy storage batteries are a very important part of electric vehicles. The 
development of this industry is highly dependent on electricity storage batteries. One of the areas 
in which researchers have done extensive research has been the issue of battery thermal 


management (BTM). BTM in hybrid vehicles 15 very important [1-4]. 
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lithium battery cooling system was investigated by Yang et al. [5] Their findings demonstrated 
that using a bionic system over a conventional one enhances lithium battery performance. 
Experimental research of a cooling system for a lithium pouch battery was carried out by Li et al. 
[6]. The experiment was carried out using a battery thermal management system (BTMS) that was 
air-cooled. They showed that using a dual cooling plate improves the performance and operating 
conditions of the lithium-ion battery. Xu and He [7] evaluated the effect of heat loss on cooling of 
lithium-ion batteries and its efficiency. 

Various methods have been proposed by researchers for increasing heat transfer in heat exchangers. 
Among these methods, the use of nanofluids, porous materials, etc. can be mentioned [8-10]. One 
of the methods to control the temperature of different devices is the use of PCMs. These materials, 
like batteries, store thermal energy. Researchers have also used PCMs in their research on batteries, 
etc. [11-14]. Jilte et al. [15] assessed the effect of using nanoparticles in PCMs on battery cooling. 
They demonstrated that the use of PCMs reduces the battery temperature to below 40 °C, leading 


to an increase in battery efficiency. 
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becoming more and more important [21, 22]. Batteries are also utilized in electric vehicles and 


many electronic devices. 


Due to this issue, the thermal examination of four plate battery cells is performed in this article. 
In an air channel, the batteries are positioned within a rectangular PCM casing. The temperature 
of the battery cells and the volume of frozen PCM are measured at various periods by varying the 
distance between the batteries. The investigation of how battery distance affects battery 
temperature as well as the use of PCM and airflow to control battery temperature are the novel 


aspects of the current work. 


2. Problem definition 


Four lithium-ion plate batteries positioned in an air duct with a Reynolds number of 400 make up 


the geometry under study. In the channel, the battery cells are placed in three columns. The first 


and third columns contain a battery cell and the second one has two parallel battery cells. The 


. The blue parts represent the PCM, the properties of which 


are derived from reference [23]. 
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Fig. 1. Four battery cells in an air duct filled with PCM. 


Table 2 . Lithium-ion pouch cell specifications [24] 


3. Governing equations 


The equations employed for steady and transient airflow, for a viscous Newtonian fluid in laminar 


flow, are as follows. These equations encompass the continuity, momentum, and energy 


conservation equations [28]. 


3.1. Numerical method and grid study 


drawing of the geometry, meshing, solving, and extracting of the results is done using this software. 


Meshing is one of the most important parts of numerical simulations that must be done carefully. 


An unstructured grid is generated on the geometry in this paper. Table 3 displays the impact of the 


Grid 1 Grid 4 
No. of elements 181000 | 329000 | 481000 | 619000 | 
304.11K | | 805.09K | 


Average temperature of the battery pack 
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3.2. Validation 


A comparison between the current findings and those of Mansir et al [29] is done in order to verify 


the simulations that are being used right now. The two publications compare the amounts of molten 
PCM at various periods and various battery lengths (Fig. 3.). The findings are in excellent accord, 


as can be shown. The largest difference in accuracy between the current simulations' findings and 


those given by Mansir et al. [29] is less than 396, which is a reasonable amount. 
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4. Results and discussion 
Fig. 5 illustrates the velocity contours for different distances of the middle batteries. The passage 
of air through the batteries is highly dependent on the space created between the batteries and as 


well as the space between the batteries and the duct wall. Where there is more space for air passage, 


more air is passed, which makes the air velocity higher in these parts. Where there is little space, 
less air passes through, and as a result, the air velocity is lower. At a distance of 2 cm between the 
middle battery cells, the air velocity in the upper and lower parts of the batteries is slightly higher. 
The air velocity is considerable between the main batteries at a distance of 2.5 cm, while it is 
moderate near to the batteries. The air velocity is high in the center of the batteries and extremely 


low on each side of them at a distance of 3 cm. 


Fig. 6 depicts the temperature contours for different distances of the middle batteries within 2.5, 
5, 7.5, and 10 minutes. After colliding with the initial battery, the air is directed to the middle 
batteries, and in this part, it is directed to the wall or the middle of the two batteries due to the 
distance between the two batteries. After slamming against the last battery, it finally advances in 
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the direction of the outlet. The battery temperature is directly influenced by the average air velocity 
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Fig. 7 demonstrates the PCM volume fraction contours for different distances of middle batteries 
within times of 2.5, 5, 7.5, and 10 minutes. The change in velocity in each area greatly affects the 
rate at which the PCM solidification front is formed. At a distance of 2 cm between the middle 
batteries, more air passes through the sides of the batteries, so the PCM is more solidified, and the 
inside of the batteries has less growth in the PCM solidification front. At a distance of 2.5 cm, the 
solidification front has an acceptable growth in the inner and outer areas of the batteries. The strong 
airflow on both sides of the battery causes the growth process of the solidification front to proceed 
rapidly in both parts of the battery. At a distance of 3 cm, the solidification front progresses rapidly 
inside of the batteries and progresses slightly in the side area. The strong airflow in the middle of 
the batteries and the weak airflow in the side of the batteries make the solidification process in the 


middle of the batteries faster. 
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The first battery's average temperature for up to 10 minutes is shown in Fig. 8, along with the 
intermediate batteries' varied distances. The first battery has the smallest alteration as a result of 
the altered distance between the intermediate batteries. Changes in the distance between the two 
middle batteries have minimal impact on the battery's average temperature because they take place 
behind the battery and have little impact on the air flowing through it. The temperature of this 
battery increases quickly in the first 10 minutes before increasing more gradually after that. But it 
has decreased to 305.4 degrees because of the batteries. The temperature on this battery is a small 
bit reduced in more than 5 minutes by more distance between the two middle batteries. The center 
battery benefits from improved ventilation and a minor drop in temperature when the distance 
between the two middle batteries is increased. By varying the distance between the two center 
batteries on the initial battery temperature, this little influence is not seen until the first 4 minutes. 
By adjusting the distance between the two middle batteries in 10 minutes, it is possible to witness 


the biggest change on the first battery. 
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Fig. 8. Average temperature of the first battery for up to 10 minutes and various distances of 


the middle batteries. 


Fig. 9 shows the average temperature of the middle batteries for up to 10 minutes for three 


distances between them. In general, the temperature of these two batteries is increased for 5 to 7 


minutes. After this time, the temperature is decreased. Because of the distance between the two 
time that the battery temperature is improved corresponds to the distance of 3 cm. The shortest 


time when the battery temperature is intensified occurs when the distance between the two middle 


batteries is 2.5 cm. Additionally, the distance between the two center batteries affects the highest 
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temperature that the batteries may achieve. The maximum temperature difference that these two 
batteries reach is more than 0.5 °C for various distances between the two middle batteries. The 
maximum and minimum temperature increase occurs when the distance of two middle batteries is 
3 em and 2.5 cm. The amount of air flowing from each side of these two batteries is very effective 
on the temperature of the batteries. At a distance of 2 cm, the amount of air that passes through 
these two batteries is low and the amount of air that passes through the side of the duct is high. At 


a distance of 3 cm, the trend is reversed and a lot of air passes between the two batteries, and less 
air passes between these two batteries. The side where air passes more gets cooler and the side 
where air passes less stays warm. In these two distances of the two middle batteries, their 
temperature value is higher. The temperature is lower at a distance of 2.5 cm because there isn't a 
lot of air traveling between the two batteries and their sides, which allows for equal heat transfer 


from both sides and neither side. 
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Fig. 9. Temperature of the middle batteries for up to 10 minutes for three distances among 


them. 


is presented in Fig. 10. When compared to the first battery, the temperature of the final battery 5 


more sensitive to changes in the distance between the two middle batteries. This battery's 


center batteries causes the temperature to increase from 305.3 to 306.4. This battery has a greater 


pre-temperature value than the other three batteries, making it the hottest cell in the battery pack. 


More distance between the two middle batteries helps to lower the temperature of this battery. As 
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a result, the temperature of this battery is reduced by extending the distance between the two 
middle batteries, which is particularly noticeable over extended periods of time. More air goes 


between the two center batteries the more apart they are from one another. More air hits the final 


battery as a consequence. The air is driven up and down the batteries for a brief distance between 


306.5 


306 


Temperature [K] 


304 25 0 


---S=3 cm 


e 
سم‎ 
نم‎ 
دن‎ 
A 
Un 
زره‎ 
~J 
00 
MO 
— 
© 


Time (min) 


21 


Fig. 11 demonstrates the average temperature of 4 battery cells for up to 10 minutes for different 
distances between the middle batteries. The average temperature of the battery cells is increased 
from 6 to 9 minutes, depending on the distance between the two middle batteries. After this time, 
the average temperature is reduced. Also, the average temperature reaches a maximum value 
depending on the distance between the two middle batteries and then reduces. When there is a 2 
cm gap between the two middle batteries, the battery cells' maximum temperature occurs. The 
center batteries in this model have a high temperature, which raises the average temperature of the 
other four batteries. The distance at which there is the smallest temperature increase is 2.5 cm. The 
two middle batteries in this instance have low temperatures, which results in a somewhat low 
battery cell average temperature. The average battery temperature swings from maximum to lowest 
at this distance more quickly. The greatest amount of time that the battery temperature rises is 


connected to a 3 cm distance. 
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Fig. 11. Average temperature of 4 battery cells for up to 10 minutes for different distances 


between the middle batteries. 
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5. Conclusions 
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This study uses numerical simulation to examine the heat transfer of four lithium-ion plate battery 
cells that are situated in an air duct. The battery cells are enclosed inside a container made of PCM. 
Two batteries are positioned parallel to each other between the first and final batteries, which are 
situated in the channel's midsection. The temperature of each battery cell and the quantity of frozen 
PCM fraction around each cell are measured by increasing the distance between the two center 


batteries from 2 to 3 cm, and the findings are as follows. 
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